from sputum samples in Korea contained MTB; however, by the early 2010s, the proportion of NTM had increased to 50%-70%. In this study, we evaluated and compared the diagnostic performance of two real-time PCR kits: the widely used AdvanSure TB/ NTM Real-time PCR kit and the newly developed PowerChek MTB/ NTM Real-time PCR.
| MATERIAL S AND ME THODS

| Specimens
A total of 143 DNA samples extracted from respiratory specimens of 118 patients were included in this study. The DNA samples were collected based on routine PCR results using Anyplex. PCRpositive samples were collected consecutively between March and September 2016, and PCR-negative samples were collected consecutively in the last month of this study. Sixty-five samples were positive for MTB, 22 were positive for NTM, and 56 samples were negative results in routine PCR assay (Table 1 ). The DNA samples have been stored frozen at −70°C after routine PCR and retrospectively tested using AdvanSure and PowerChek. This study was approved by the Institutional Review Board of Hanyang University Guri Hospital (2017-08-017-002).
| Conventional mycobacterial tests
Each patient provided three respiratory specimens simultaneously; one was used for the PCR assays and the others for conventional mycobacterial tests. The specimens were processed with 2% N-acetyl-L-cysteine-sodium hydroxide (NALC-NaOH) and subsequently neutralized with phosphate buffer. They were then centrifuged at 3000 g for 18 minutes, and the pellets were resuspended in 1 mL of phosphate buffer (PBS) and used in the AFB smear test. The smears were stained with the auramine-rhodamine fluorescence stain using an AT-2000F AFB Fluorescence Stainer (Dagatron, Korea) and confirmed by ZiehlNeelsen staining. The smear results were reported using the guidelines of the American Thoracic Society/Centers for Disease Control and Prevention. 4 For AFB culture, pretreated specimens were inoculated in 3%
Ogawa medium (Korean Institute of Tuberculosis, Korea) for 8 weeks and in a BACTEC MGIT 960 system (Becton Dickinson, USA) for 6 weeks at the Green Cross Reference Laboratory (Korea). Positive culture isolates were confirmed by Ziehl-Neelsen staining and MPT64 antigen detection (Standard Diagnostics, Korea). When isolates gave discrepant results in any tests, they were assessed by PCR using the AccuPower MTB & NTM real-time PCR assay (Bioneer, Korea).
| DNA extraction for PCR assays
For sputum specimens, an equal volume of 4% NaOH was added to each specimen with 1 minute of vortexing, and 1 mL of the mixture was transferred to a sterile tube after 15 minutes. The mixture was centrifuged, and the pellet was washed three times with 1 mL of PBS. For bronchial washings, 1 mL of specimen was transferred to a sterile tube and centrifuged for 5 minutes at 15 000 g (13 000 rpm), and the pellet was washed once with 1 mL of PBS. The sputum and bronchial pellets were mixed with 100 μL of the DNA extraction solution supplied with the Anyplex kit, with 1 minute of vortexing.
After heating at 100°C for 20 minutes, the mixtures were incubated in room temperature for 5 minutes and centrifuged for 5 minutes at 15 000 g, and the supernatants were transferred to sterile tubes and used for PCR amplification. When the Anyplex PCR assays had been completed, the remaining DNA samples were stored at −70°C for subsequent AdvanSure and PowerChek PCR assays.
| Anyplex MTB/NTM real-time PCR
Primers for IS6110 and mpb64 of MTB and the 16S rRNA gene of NTM were used, and PCR was performed with the CFX96 real-time PCR detection system (Bio-Rad Laboratories, Inc., USA). 6 Separate 
| PowerChek MTB/NTM real-time PCR
Frozen DNA samples were used after thawing. The PowerChek kit targets the MTB complex-specific IS6110 gene and the ITS region of Mycobacterium. PCR was performed with a CFX96 real-time PCR detection system (Bio-Rad Laboratories). FAM, HEX and Cy5 fluorophore signals were again used, and the data interpretation strategy was the same as for the AdvanSure assay.
| Statistical analysis
Statistical analyses were performed using Statistical Package for the Social Sciences (version 18.0; USA) and GraphPad Prism (version 7; USA). The chi-squared test was used to analyze tabular data, the Mann-Whitney U test was used to analyze differences between groups, and a correlation study was performed with Spearman's rank correlation coefficient (r s ). All tests were two-sided, and a P value <0.05 was considered statistically significant. The two PCR assays had the same sensitivities for detecting NTM, namely 90.0% (95% CI, 68.3-98.8) ( Table 3 ). The specificities of the for NTM (140/143). There were discrepancies in the case of eight samples (5.6%) ( Table 4 ). All of the assays yielding discordant results were positive by Anyplex and negative by AdvanSure PCR. PowerChek detected four of these samples as positive and 4 as negative.
| RE SULTS
TA B LE 2 Performances of real-time PCR assays for detection of Mycobacterium tuberculosis depending on culture results
PCR
| D ISCUSS I ON
Many laboratories have adopted the use of nucleic acid amplification tests to detect viruses or fastidious microorganisms to achieve early diagnosis and proper infection control. For MTB and NTM, real-time PCR assays are commonly used to overcome the limitations of conventional tests, and newer assays are being actively developed to improve the accuracy of TB diagnosis and these need to be tested.
Therefore, we evaluated and compared the performances of two real-time PCR assays for MTB and NTM, one of which is a new assay.
The sensitivities of the PCR assays analyzed in this study were all over 90% for detecting MTB in respiratory specimens, comparable to or higher than the values previously reported (86.4% -86.8%
by Anyplex; 70.9%-88.7% by AdvanSure). [6] [7] [8] The specificities in our study were below 90%, comparable to or lower than in previous studies (94.9%-99.0% by Anyplex; 93.9%-98.1% by AdvanSure). [6] [7] [8] High sensitivity combined with low specificity of our study could be a long time. 9 If we take into account the presence of these patients, the specificities in our study appear to be comparable to those in previous studies.
The AFB smear is widely used to assess infectivity in pulmonary TB patients at initial diagnosis. Because smear classification has a highly variable operational sensitivity, there have been several studies of the use of molecular assays for checking smear-positive specimens. [10] [11] [12] Previous research on the Xpert MTB/RIF assay (Cepheid, USA) showed that the Cq results correlated well with smear microscopic grades (r s = −0.71) and suggested a Cq cutoff value of 25 could predict smear-positive status with 95% sensitivity and 65% specificity. 10 We by Anyplex and 68.2%-75.0% by AdvanSure. 6, 8, 13 These researchers reported 98.4%-100% specificity for both methods. Detection of NTM has not been important in the past in Korea, and the sensitivity for detection of NTM is sometimes adjusted downwards to avoid false positive results from NTM contamination. However, with the increasing incidence of NTM infections, molecular discrimination of NTM from MTB has become crucial, especially in smear-positive cases, which can confuse clinicians. The sensitivity for detecting NTM in our study was considerably higher than in previous studies;
90.0% overall and 100% for smear-positive specimens. The sensitivities of our study might be overestimated by unintended exclusion of PCR-negative but culture-positive specimens in the step of sample recruitment. However, we note that the sensitivity for detection of NTM in all the previous studies was lower than that for MTB, whereas the sensitivity for NTM in our study was comparable to that for MTB, and the specificity in our case (98.4%-99.2%) was as high as in the previous reports. We therefore conclude that real-time PCR assays simultaneously targeting MTB and NTM are useful for distinguishing between the two types of infection, although this needs to be confirmed.
In the cases where the results of the real-time PCR assays were discordant, the detection rate of Anyplex seemed to be higher than and PowerChek, samples stored at −70°C for up to 7 months were used, but the effects of sample storage on these assays (AdvanSure and PowerChek) could not be estimated because we were unable to assess sample stability. However, the diagnostic performances of the three real-time PCR were not significantly different, and this limitation should not affect the conclusion that the performances of PowerChek and AdvanSure were comparable and acceptable.
In conclusion, the two real-time PCR assays, namely AdvanSure 
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